Abstract. A field irrigation experiment and computer and statistical models are used to estimate the functional relationships between the total soil water suction and the man-controlled variables, the quantity and. salinity of the water, and the irrigation frequency. It is estimated that the seasonal average soil water suction S in the root zone increases with each of the variables: the irrigation interval, water salinity, and initial soil salinity. The value of S also increases with the amount of irrigation water Q at low values of Q, but decreases with Q at relatively high values of Q. Under the conditions studied, it is more efficient to use given quantities of irrigation water (from the standpoint of salinity) for changing the soil water regime rather than for leaching. An approach to the economic evaluation of the optimal combination of water quantity and salinity in the short run is outlined. This approach is based on • previous empirical estimate of the effect of water suction on yield, and on the present estimate of the functional relationships between the total soil water suction and the mancontrolled irrigation variables. 
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Irrigation waters always contain variable quantities of soluble salts. In Israel and in the world, water quality is tending to deteriorate and is becoming less suitable for agricultural uses [Wilcox and Durum, 1967] . The existence o.f a variety of water resources with different levels o.f salinity usually implies that the cost of water for irrigation decreases when the salinity level of the water increases. It is therefore necessary to evaluate the economically optimal combination of water quality and quantity used in agriculture. This paper is restricted to. the short-run aspects of the problem, i.e., the effects on yields in •he current season. The long-run (perennial) effects of salt accumulation in the soil are not considered.
In a previous study [Yaron and Bresler, 1970 ] we presented a model in which the efficient combination o.f water quantity and quality (salinity) was determined for a predetermined threshold salt concentration in the soil solution. A given optimal soil water regime, as well as management, was assumed, such that the threshold soil salinity index would be controlled o.nly by adding excess water for leaching in each irrigation. A leaching model [Bresler, 1967] designated for tracing salt distribution in the soil profile served as the basis for the analysis. The optimal quantityquality combinations were derived with the aid of a linear programing model. Since most data on crop. response to. threshold soil salinity are generally expressed in terms of salt concentratio.n of the saturated soil extract, the study In regions with a Mediterranean climate and a semiannual alternation of irrigation and rainy seasons, it seems eftq_cient to control salinity by regulating the soil water regime, as an alterna-Note that r(0) is not a single-valued function. rive to control by leaching. The soil will be The functional relationship depends on the leached during the rainy season by rain and/or wetting history of the soil and whether it is irrigation and the total water suction will be being wetted o.r dried. The hysteresis effect controlled during the crop-growing irrigation should therefore be considered when r(0) is season by altering the water regime. The oh-evaluated. jective of this study is to present an approach For economic analysis, the crop yield must for the short-run determination of the optimal finally be expressed as a function of manquantity-quality combination of the irrigation controlled irrigation variables, such as the total water during the irrigation season, when the soil amount of irrigation water Q, the salt conwater regime and the soil salt status are centration of the water C *, and the irrigation changed simultaneously. A water requirement frequency I. Thus the soil variables C and 0 experiment is used to estimate the functional and their time and space fluctuations should relationships between the total water suction be explicitly expressed in terms of the Judeand the man-contro.lled variables: the quantity pendent variables Q (t), C * (t), and I(t). 
C(z, t) = C[C*(t), Q(t), O(z, t), I K] (5)
When (4) and (5) are substituted into (3) and then into (2), the general functional form of S is obtained as
S -S[Q(t), C*(t), I(t), I K]
for the estimations.
The following experimental data have been obtained. (1) Soil water content distribution from the soil surface to a depth of 180 cm. Two measurements have been taken throughout the irrigation season in the interval between each two, successive water applications. The first measurement was taken a few days after Equation 6, represents a general relationship irrigation when the downward water movebetween the relevant soil variable S and the ment was assumed to be nil or negligibly small. man-controlled irrigation variables Q, C% and The water content was considered to be the I. An approach to. the estimation of (6) and 'field capacity' of the soil. The second measureto. the economic analysis of (1) subject to ment. was taken on the day prior to each ir-(6) is the main objective of this paper. rigation. (2 
have already been estimated from (2) can be evaluated numerically to give a (7) and (8), C•'(z, .Atj) is calculated by the solution for the function S(Q, C% I/K). dilution expression
Let S,, be a particular solution of (2) in terms of (6) When the experimental Q was increased by shortening the time interval between irrigations and when the depth of wetting was increased, the average water content over time and depth became higher and thus the matric and osmotic suctions became lower. The overall partial effect of Q on S, which is a consequence of these water content effects in addition to the C • effect, is illustrated by the S curve in To answer this question it would be best if leaching data were available in addition to the experimental data presented in Table 1 . However, it is possible to estimate the leaching effect on S by calculating S with the help of equations 8-11 and equation 2. To obtain the removal of salt by leaching in the calculations the values of Q in (2) must be greater than the experimental Q of each irrigation {reatment (Table 1) . This is only true if we assume that in a given irrigation interval the evapotranspiration from the root zone is not affected by the excess water for leaching. with different water salinity levels, is presented.
